Although adaptor ADAP (FYB) and its binding to SLP-76 has been implicated in TcR-induced ''inside-out'' signaling for LFA-1 activation in T cells, little is known regarding its role in LFA-1-mediated ''outsidein'' signaling. In this study, we demonstrate that ADAP and SLP-76-ADAP binding are coupled to LFA-1 costimulation of IL-2 production, F-actin clustering, cell polarization, and T cell motility. LFA-1 enhancement of anti-CD3-induced IL-2 production was completely dependent on SLP-76-ADAP binding. Further, anti-CD3 was found to require CD11a ligation by antibody or ICAM1 to cause T cell polarization. ADAP augmented this polarization induced by anti-CD3/CD11a, but not by anti-CD3 alone. ADAP expression with LFA-1 ligation alone was sufficient to polarize T cells directly and to increase T cell motility whereas the loss of ADAP in ADAP؊/؊ primary T cells reduced motility. A mutant lacking SLP-76-binding sites (M12) blocked LFA-1 costimulation of IL-2 production, polarization, and motility. LFA-1-ADAP polarization was also dependent on src kinases, Rho GTPases, phospholipase C, and phosphoinositol 3-kinase. Our findings provide evidence of an obligatory role for the SLP-76-ADAP module in LFA-1-mediated costimulation in T cells.
I
ntegrins are transmembrane receptors that mediate cell adhesion, motility, proliferation, and differentiation. T lymphocytes express at least 12 integrins with ␣L␤2, leukocyte function-associated antigen-1 (LFA-1) also termed CD11aCD18, binding to intracellular adhesion molecule (ICAM)-1, -2, and -3 (1-3). Whereas LFA-1 is in a low-affinity state on resting cells, ligation by the antigen-receptor complex (TCR/CD3) generates ''inside-out'' signals that increase the avidity of binding by clustering (2, 3) . Mediators involved in this process include CD4/CD8-Lck, IL2-inducible T cell kinase (ITK), the guanine nucleotide exchange factor Vav-1, phosphatidylinositol 3-kinase (PI 3K), Rap1 and its binding partner RapL (regulator of cell adhesion and polarization enriched in lymphoid tissues) or Riam (Rap1-interacting adaptor molecule), and adaptors SLP-76 (76-kDa src homology 2 domaincontaining leukocyte phosphoprotein), ADAP (adhesion and degranulation-promoting adaptor protein) [HUGO Gene Nomenclature: FYB-120/130 (Fyn-binding protein-120/130)], and SKAP1 [src kinase-associated phosphoprotein 1, also SKAP-55 (55-kDa src kinase-associated phosphoprotein)] (3, 4) . SLP-76 is an immune cell adaptor with key N-terminal tyrosine residues and a C-terminal SH2 domain that binds to ADAP (5, 6) . ADAP is also an adaptor with a unique N-terminal region, a canonical and a noncanonical SH3 domain, a putative Ena/VASP homology 1 (EVH1)-binding domain, and nuclear localization motifs (7, 8) . ADAP deficient T cells show defective LFA-1 clustering and adhesion (9, 10) . SLP-76 SH2 domain binds to the 2 YDDV sites on ADAP (Y 595/651 DDV) (11) (12) (13) . Mutation of the sites disrupts LFA-1 clustering and adhesion, localization at the periphery of the immunological synapse and T cell proliferation (11, 14) . ADAP also regulates adhesion of platelets and a basophilic cell line (15, 16) . Further, ADAP interacts with SKAP1 primarily via SKAP-1 SH3 domain binding to ADAP proline residues, as well as by ADAP SH3 domain binding to a noncanonical motif in SKAP1 (17) (18) (19) (20) . These interactions are needed for adhesion and T cell proliferation (21) (22) (23) .
In addition to inside-out signaling, LFA-1 generates so-called ''outside-in'' signals that costimulate cell function (4, 24, 25) . ␣4␤1 integrin VLA-4 binding to its ligands fibronectin or VCAM-1 (vascular cell adhesion molecule-1) enhances T cell proliferation via FAK (focal adhesion kinase) (26) and the stabilization of microclusters (27) . In neutrophils or macrophages, phosphorylation of ITAMs (immunoreceptor tyrosine-based activation motifs) in adaptor DAP12 or FcR␥ is needed to recruit SYK for outside-in signaling (28) . An analogous ITAM-dependent scenario in T cells has yet to be defined. Other players include SLP-76 and Vav-1 where SLP-76 deficient neutrophils fail to spread with reduced Vav-1 phosphorylation (29) . Similarly, N-terminal SLP-76 tyrosine binding to Vav-1 (6) is needed for integrin signaling (30) . Upon integrin ligation, VavϪ/Ϫ macrophages show decreased phagocytosis with defective Rho and PYK2 (proline-rich tyrosine kinase-2) activity (31) .
Despite these advances, the full range of mediators responsible for LFA-1 costimulatory effects in T cells is unclear. In this study, LFA-1 potentiation of anti-CD3-induced IL-2 production was completely dependent on SLP-76-ADAP binding. Anti-CD3 was found to require CD11a ligation by antibody or ICAM1 to cause T cell polarization, an effect potentiated by ADAP and blocked by the SLP-76 binding mutant (hereafter called M12). ADAP also cooperated with LFA-1 alone to polarize T cells directly and to increase T cell motility whereas expression of M12 and the loss of ADAP reduced motility.
Results

LFA-1-Induced Cosignaling
Requires SLP-76-ADAP Binding. We showed that the SLP-76 SH2 domain interacts with 2 YDDV sites in ADAP (11) (12) (13) , and mutation of these sites (termed M12) inhibits the TcR-driven inside-out activation of LFA-1 and IL-2 production (14) . However, little is known regarding the role of the complex in LFA-1 driven outside-in signaling. To assess this, murine T8.1 T cells stably expressing GFP or ADAP/GFP or M12/GFP (termed GFP-T8.1, ADAP-T8.1, or M12-T8.1) were seeded on plates coated with anti-CD3 and/or anti-LFA-1 (i.e., anti-␣L chain, also termed anti-CD11a) and assessed for IL-2 production (Fig. 1) . Increasing anti-CD3 concentrations augmented the production of IL-2, an effect increased further by ADAP overexpression (Fig. 1 A) (7). For example, at 0.25 g/mL anti-CD3, ADAP-T8.1 cells showed 2.5-fold more IL-2 production than vector-transfected cells.
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By contrast, M12 inhibited IL-2 production by Ͼ50% (Fig. 1 A) . However, increasing anti-CD3 concentrations were able to partially reverse the inhibitory effect of M12 ( Fig. 1 A, yellow bars) . These results indicate that the SLP-76-ADAP complex formation is needed by optimal anti-CD3 induced IL-2 production although the dependency could be partially overridden by increasing the strength of the anti-CD3 induced signal. A similar finding was made by us and others in ADAP-and SKAP1-deficient T cells (23, 32) .
Given this, we next assessed the contribution of SLP-76-ADAP to LFA-1 cosignaling. Suboptimal levels of anti-CD3 (i.e., 0.25 g/mL) were used to measure the anti-CD11a costimulatory effects. Although anti-CD11a ligation alone failed to induce IL-2 production, it increased IL-2 production in a concentration dependent fashion with anti-CD3 (Fig. 1B, blue bars) . ADAP transfection further amplified this costimulation (Fig. 1B, red bars) whereas M12 completely blocked the enhancement (Fig. 1B, yellow bars) . Significantly, unlike in the case of anti-CD3, increasing concentrations of anti-CD11a (i.e., from 1.25 to 5 g/mL) failed to overcome the M12 block. Unlike with anti-CD3, LFA-1 costimulation is therefore entirely dependent on the SLP-76-ADAP complex.
LFA-1-Induced T Cell Polarization Requires SLP-76-ADAP. We next assessed a connection between LFA-1 and SLP-76-ADAP in T cell polarization. T8.1 cells expressing GFP, ADAP, or M12 were incubated with either immobilized antibodies ( Fig. 2A) or natural ligand ICAM-1 (Fig. 2B ) on plates and were visualized for various times by transmitted light microscopy. Over the short time course (i.e., 120 min), T8.1 cells showed no change in morphology with various anti-CD3 concentrations (i.e., titrated to 10 g/mL, Fig.  S1 A) . Further, ADAP or M12 overexpression did not promote polarization on cells stimulated with anti-CD3 (see examples at 60 min in Fig. 2A, b and c vs. a) . In striking contrast, whereas anti-CD11a alone had no detectable effect on morphology in vector cells (Fig. 2 Ad), coligation with anti-CD3 induced extensive spreading and polarization ( Fig. 2 Ag, right histogram). Fifteen percent versus 2% of control cells polarized with this antibody combination. The effect was specific and was not due to the use of higher concentrations of antibody since equivalent concentrations of anti-CD3 did not induce these effects. This observation indicates that LFA-1 provides signals that cooperate with anti-CD3 ligation to induce T cell morphology changes.
Significantly, a connection to ADAP was seen by the ability of overexpressed ADAP to potentiate anti-CD3/CD11a induced polarization as observed in 33% of cells ( Fig. 2 Ah, right histogram), and second, by the ability of M12 to completely block polarization ( Fig. 2 Af and Ai, right histogram). Further, polarization could also be observed by expressing ADAP with anti-CD11a alone ( Fig.  2 Ae), where 10% of cells showed a polarized phenotype.
Significantly, ICAM-1 on plates showed the same effects ( relative to GFP control cells (Fig. 2B , lower right histogram) whereas M12 inhibited these changes ( Fig. 2 A and B) . In this context, SLP-76-deficient Jurkat cells (J14 cells) also failed to undergo polarization (Fig. S1B) . Real-time analysis showed that ADAP T8.1 cells formed dynamic extensions with the appearance of multiple lamellipodia and filopodia whereas M12 cells failed to spread (Movie S1). These observations indicate that ADAP and SLP-76-ADAP binding can cooperate directly with anti-CD11a or ICAM-1 to induce T cell polarization.
To confirm in primary T cells, WT, or ADAP-deficient T cells were stimulated with anti-CD3 and ICAM-1 and analyzed for morphology changes (Fig. 3A) . Whereas 20% of WT cells polarized in response to anti-CD3/CD11a, only 10% of ADAP KO T cells became polarized. With immobilized ICAM-1, ADAP KO cells showed a 2-fold reduction in polarization relative to WT cells (i.e., 11% vs. 5%). Purified primary T cells were infected by retroviral gene transfer to overexpress ADAP/GFP or M12/GFP (Fig. 3B , left and right histogram). Whereas 48% of ADAP/GFP ϩ transduced CD4 ϩ T cells spread, only 21% of M12/GFP ϩ transduced CD4 ϩ T cells polarized (Fig. 3B ). These observations confirm that in primary cells ADAP and its binding to SLP-76 plays a central role in outside-in costimulation.
ADAP Regulates T cell Motility. Given that polarization is associated with movement, we next investigated the role of LFA-1/ADAP on T cell motility (Fig. 4) . Cell movement was recorded every 5 s for 200 cycles followed by Velocity software analysis. As seen in tracking plots, WT cells moved randomly on ICAM-1-coated plates (Fig. 4A Left Upper) . Increased ADAP expression augmented the number and extent of T cell movement (i.e., average speed of 10.2 vs. 5.4 M/min) (Fig. 4 A and B and Movie S2). By contrast, the expression of M12 completely blocked motility (Fig. 4 A and B) . This observation provided evidence that ADAP binding to SLP-76 regulates T cell motility and is consistent with the increased polarization of ADAP-T8.1 cells.
We then assessed whether the LFA-1-ADAP axis could influence the stop-signal induced by anti-CD3 that might enable T cells to make contacts with APCs (33). Our previous data showed that the coreceptor CTLA-4 overrides the TcR stop-signal for motility (34, 35) . Interestingly, anti-CD3 blocked T cell motility in both vector and ADAP-T8.1 cells (Fig. 4A Lower and B) . There was no evidence that ADAP overexpression could override the anti-CD3 stop signal. Further, in a comparison of WT and ADAPϪ/Ϫ primary T cells, although WT cells moved more quickly than ADAPϪ/Ϫ cells in ICAM-1 plates, both were stopped by anti-CD3 ligation (Fig. 4C) . ADAP is needed for optimal T cell motility in response to ICAM-1, but does not affect the TcR stop-signal.
The SLP-76-ADAP Module Regulates F-Actin Aggregation. Given effects on polarization and motility, we assessed the distribution of F-actin (Fig. 5A) . T cells were stimulated with anti-CD3/CD11a and stained with TRITC conjugated phalloidin. Discrete F-actin aggregates or bundles were shown in 60-70% of vector and ADAP-T8.1 cells (Fig. 5A) . By contrast, resting cells showed an absence of these clusters, and only 17% of M12-T8.1 cells formed F-actin aggregates with smaller cell size (Fig. 5A, right histogram) . The overall level of stained F-actin in ADAP and M12 cells remained constant as measured by the mean of immunofluorescence staining of TRITC-phalloidin (Fig. 5A, right histogram) . This indicates that the M12 affects the remodeling rather than the overall level of F-actin expression. This effect might be related to binding sites on ADAP for members of the Ena/VASP family (36) . Whether the SLP-76-ADAP complex regulates adhesion/spreading first that leads to actin remodeling or vice versa is not clear.
M12-T8.1 Cells Reduce ADAP Phosphorylation Without Affecting
SKAP1 Expression. To investigate the underlying mechanism further, we assessed whether M12 indirectly affected LFA-1 signaling by altering SKAP1 expression. ADAP regulates SKAP1 degradation where ADAPϪ/Ϫ cells reduced SKAP1 expression (20, 23, 37) , However, SKAP1 expression was not reduced in M12 expressing cells. In fact, the expression of both ADAP and M12 increased SKAP1 expression (Fig. 5B Left, lanes 2 and 3 vs. 1 ). Levels of SLP-76 or VAV-1 were not affected. Further, M12 bound SKAP1 at the same level as ADAP and the interaction was not increased by anti-CD3 stimulation (Fig. 5B Right, lanes 3, 4, 7 , and 8 vs. 2 and 6). SKAP1-EGFP-transfected cells were used as a positive control (Fig. 5B Right) . These findings indicate that SLP-76 binding to ADAP is not needed for ADAP binding to SKAP1, and that M12 does not inhibit by affecting downstream SKAP1 expression. Our previous work has shown that the phosphorylation of the YDDV residues on ADAP is needed for SLP-76 binding (11) . Similarly, anti-CD3 induced phosphorylation of M12 on tyrosine residues was reduced relative to endogenous and transfected ADAP (Fig. 5C ). We showed that LFA1-ICAM-1 binding plays a dominant role for conjugate formation between T8.1 cells and antigen-presenting cells (APCs) L625.7 cells that express HLA-DR ␤1*1102 to present Ttox peptide (14) . M12 decreased tyrosine phosphorylation compared with ADAP after T-APC conjugates formed for 30 min in the absence (Fig. 5D Upper, lane 4 vs. 3 ) and presence of peptide (lanes 7 vs. 6). As a loading control, the same amount of ␤-actin protein was detected in each sample (Fig. 5D  Lower) . This was consistent with the finding that M12 also strongly blocked Ca 2ϩ mobilization when Fura-2 prelabeled M12-T8.1 cells formed conjugates with peptide pulsed APCs (Fig. S1C ). These observations are consistent with the notion that the 2 YDDV sites for SLP-76 binding serve as major phosphorylation sites in ADAP for TcR/LFA-1 stimulation.
Src Kinases, PI 3K, PLC, and RhoGTPase Are Needed for LFA-1-ADAPInduced Polarization. To evaluate the involvement of other mediators in SLP-76-ADAP modulation of T cell spreading, vector or ADAP-T8.1 cells were pretreated with inhibitors, then loaded to anti-CD3-and anti-CD11a-coated plates (Fig. 6) . The concentrations of inhibitors in this study were reported and did not affect cell viability. Src kinase inhibitor PP2 was used at 10 M or 100 M to inhibit LCK and FYN, but not ZAP-70 (38) . PP2 significantly reduced ADAP-T8.1 cell spreading (Fig. 6A ). This fits with the findings that FYN phosphorylates ADAP (12, 13) and the M12 mutant, with lower levels of phosphorylation, blocks T cell polarization ( Fig. 5 C and D) . PI 3K inhibitor LY294002 also effectively blocked ADAP-T8.1 cell shape change, as did the phospholipase C (PLC) inhibitor U-73122 at 10 M (Fig. 6A) . The negative control U-73343 at 10 M did not influence ADAP-T8.1 spreading. Toxin A that inhibits Rho, Rac, and Cdc42 activity also completely blocked cell polarization without any cell viability loss at 1 g/mL (Fig. 6B) . GTPases Rac and Cdc42 regulate lamellipodial and filopodial formation respectively whereas Rho GTPases regulate actin stress fibers formation for cell spreading. This inhibition by Toxin A is therefore consistent with the induction of lamellipodial and filopodia by anti-CD3/CD11a ligation. Significantly, inhibitors against Src kinases, PI 3K, and PLC also inhibited ADAP-T8.1 cell polarization after stimulation with ICAM-1 alone (Fig. 6C and Fig.  S1D ). PLC␥1 hydrolyzes PIP 2 into inositol (3, 4, 5)-triphosphate (IP 3 ) to mobilize Ca 2ϩ and diacylglycerol (DAG) to activate PKC. Although PKC inhibitor 20-28 that specifically competes for DAG, had significant blocking effect on spreading (Fig. 6D ) (P Ͻ 0.05), it inhibited polarization at a much less degree compared with the inhibitors against Src kinases, PI 3K, and PLC. This is consistent with previous reports that active PKC isotypes did not induce LFA-1 conformation changes (39) .
Discussion
LFA-1 plays a central role in regulating T cell function and the development of autoimmune disease and inflammation (40) . In addition to mediating ICAM-1 adhesion, it can generate outside-in signals that costimulate T cells (25, 41, 42) . The nature of the outside-in pathway has been unclear, but may involve PYK-2 (proline-rich tyrosine kinase 2) and FAK (24, 25) . ADAP and its binding to SLP-76 can regulate TcR mediated inside-out signaling for integrin activation (9, 10, 14) . In this study, one central finding was that LFA-1 ligation by antibody, or ICAM-1 cooperated with anti-CD3 to provide a unique signal that induced T cell polarization (Figs. 2 and 3) . Although a titration of various concentrations of anti-CD3 alone failed to affect morphology over the incubation period (i.e., 120 min), the simple coligation of LFA-1-induced polarization. This was not the result of increased affinity for ICAM1 because both anti-LFA-1 and ICAM1 had the same effect. Therefore, LFA-1 coligation provided a distinct, additional signal for polarization. ADAP augmented this polarization in conjunction with anti-CD3/CD11a, but not with anti-CD3 alone, whereas M12 blocked the phenotype. Further, ADAP overexpression in conjunction with LFA-1 ligation sufficed to polarize T cells (Fig. 2) . The level of polarization was not as high as observed with anti-CD3/ CD11a, but was nevertheless significant and rapid (Fig. 2, i. e., 10 vs. 30% within 60-120 min of ligation). From this, it is clear that LFA-1 signaling has a close connection to ADAP and requires the SLP-76-ADAP complex to generate signals for T cell polarization. Except for being a part of the LFA-1-mediated outside-in pathway per se, whether ADAP and SLP-76-ADAP can also provide a substitute signal that is normally initiated by anti-CD3 remains to be determined.
Our findings also implicate ADAP and ADAP-SLP-76 in T cell motility (Fig. 4) . Motility requires alterations in the affinity of LFA-1 and signaling events that induce the contractile forces needed for cell movement. Actin and various myosins and other signaling events have been reported to induce T cell motility. Motility was measured as random movement on the surface of ICAM-1-coated plates (Fig. 4) . Overexpression of ADAP in T8.1 cells caused a 2-fold increase in the random motility of T cells whereas M12 completely blocked cell movement (Fig. 4A) . Similarly, ADAPϪ/Ϫ primary T cells showed a loss of motility, confirming that ADAP is needed for optimal T cell motility in the context of LFA-1 engagement. LFA-1 affinity and avidity changes are needed for T cell motility (43) . The blockade of motility by M12 could be linked to reduced LFA-1 clustering on cells needed for movement but did not involve a loss of SKAP1 expression because both WT ADAP and M12 increase the expression of SKAP1. In either case, ADAP induced motility was not robust enough to overcome the ability of anti-CD3 to induce the TcR ''stop signal'' for motility arrest. Not surprisingly, this implies that the TCR engages additional signals that arrest motility aside from ADAP. Our findings represent a report implicating ADAP and SLP-76-ADAP in the promotion of random T cell motility. It also suggests that motility is influenced by LFA-1-induced outside-in signals that occur followed the initial up-regulation of LFA-1 activation on cells. Others have reported that ADAP is needed to increase chemokine SDF-1 induced directional motility in vitro (44) , but is dispensable for naïve T cell trafficking to lymph nodes in vivo (32) .
Our work showed that the ability of M12 to block costimulation was not due to a reduction in the expression of SKAP1, as observed in ADAP-deficient T cells (20, 23) . In fact, as mentioned, both WT ADAP and M12 overexpression resulted in an increase in SKAP1 expression (Fig. 5B) . This indicates that SLP-76 binding to ADAP is not needed for the ability of ADAP to protect SKAP1 from degradation. How the LFA-1-ADAP axis cooperates with other signaling proteins remains to be determined. One possibility is that M12 might bind and occupy SKAP1 to block endogenous ADAP binding to SKAP1. Alternatively, previous work has implicated kinases PYK-2 and FAK in LFA-1 outside-in signaling using affinity activating antibodies (24, 25) . Our previous work showed that FYN phosphorylates ADAP (12, 13). However, it is possible that PYK-2 or FAK could phosphorylate it in response to LFA-1 ligation since FYN-deficient mice showed a reduced, but still some residual ADAP phosphorylation (45) . In support of this, the Src kinase inhibitor did not completely block T cell spreading. Other mediators such as Rho GTP'ases, PLC, and PI 3K may operate in conjunction with the SLP-76-ADAP module or other effectors (Fig. 6 ). Rap1 and VAV-1 have also been implicated in outside-in signaling (24, 46) . Cytoskeleton protein talin binds LFA-1 and controls LFA-1 activation (47), and our preliminary data also showed that M12 reduced the association of LFA-1-talin in resting states.
Last, our findings are consistent with a possible requirement for ITAMs in integrin signaling (28) . In neutrophils or macrophages, phosphorylation of ITAMs in FcR␥ and adaptor DAP12 can recruit SYK kinase for outside-in signaling (28) . Although an analogous ITAM dependent system in T cells has yet to be defined, SLP-76 is phosphorylated by ZAP-70 (6), a kinase recruited by upstream ITAMs. By acting in response to both TcR and LFA-1 receptor ligation, the SLP-76-ADAP module is ideally placed to act as a node to integrate inside-out and outside-in signaling events. TCR would use the SLP-76-ADAP module to initially promote LFA-1 adhesion and clustering. The clustered LFA-1 increases its avidity for binding to the ligand ICAM-1. Followed by LFA-1-ICAM-1 binding, outside-in signals are generated that are dependent on the SLP-76-ADAP module again to promote cell polarization and IL-2 amplification. In this way, TcR ligation would increase LFA-1 adhesion that then acts in a feedback loop to promote LFA-1 outside-in signaling for other cell events such as increased polarization. Anti-CD11a engagement of SLP-76-ADAP might also operate together with other signals such as cytokine or chemokine to induce further ADAP-YDDV phosphorylation and SLP-76 recruitment.
The mechanism by which LFA-1 induces polarization could involve the presence of G-actin and VASP-binding sites on the adaptor to regulate the actin cytoskeleton (36) . T cell polarization was accompanied by the appearance of actin aggregates, whereas M12 markedly reduced the number and size of aggregates. Whether this effect is a direct consequence of defective ADAP function is unclear. SLP-76 has been implicated in integrin ␣IIb␤3 triggered actin remodeling in platelets (48) whereas receptor-ADAP chimeras can induce the formation of actin ''clouds'' in T cells (49) . Both sets of observations are consistent with a role for ADAP and SLP-76-ADAP binding in the regulation of the actin cytoskeleton. Future studies will be needed to determine the manner by which these various components intersect in the mediation of LFA-1 costimulation.
Materials and Methods
Antibodies, Reagents, and Cells. Tritc-conjugated anti-phalloidin was purchased from Sigma-Aldrich. Anti-mouse CD3 (2C11) and anti-CD11a (M17/4) and IL-2 ELISA kit were from BD PharMingen. Murine ICAM-1 Fc was purchased from R&D Systems. Src kinases inhibitor PP2, PI 3K inhibitor LY294002, phospholipase C inhibitor U-73122, and negative control U-73343, myristoylated protein kinase C inhibitor 20 -28, and RhoGTPase inhibitor Toxin A were from Calbiochem. ADAP KO C57Black6 mice were kindly provided by Dr. Erik Peterson (University of Minnesota, Minneapolis). Murine hybridomas T8.1 cells were a gift from Dr. Oreste Acuto (University of Oxford, UK). T cells overexpressing ADAP/GFP or M12/GFP were generated and cultured as described in ref. 21 .
Imaging Cell Morphology Change and Actin Clustering. Anti-CD3 (0.5 g/mL), anti-CD11a (5 g/mL), and ICAM-1 (5 g/mL) were used to coat plates at 4°C overnight. GFP, ADAP, or M12-transduced primary mouse T cells or T8.1 cells were incubated in antibodies coated plates at 37°C. Cell morphology changes were taken under bright light using Leica confocal microscopy at various time points. Cell movement was recorded every 5 s for 200 cycles and cell migration speed was measured by Velocity software. The contact area of the cell with plates was outlined to measure cell size using Image J software. For F-actin staining, cells were fixed/permeablized in Cytofix/Cytoperm (BD PharMingen) for 20 min, incubated in a blocking solution (5% FCS and 3% BSA in Perm/Wash buffer, BD PharMingen) for 1 h followed by incubation with TRITC conjugated phalloidin (Sigma-Aldrich) for 1 h at 4°C.
For additional information see SI Text.
